Disease is one of the gravest threats to the sustainability of the aquaculture industry. A good understanding of biosecurity and disease causation is essential for developing and implementing farm-level plans and husbandry measures to respond to disease emergencies. Using epidemiological approaches, it is possible to identify pond-and farm-level risk factors for disease outbreaks and develop intervention strategies. Better management practices (BMPs) should be simple, science-based, cost-effective and appropriate to their context if farmers are to adopt and implement them. As part of a regional initiative by the Network of Aquaculture Centres in Asia-Pacific (NACA) to control aquatic animal diseases, effective extension approaches to promote the widespread adoption of BMPs have been developed in India, Indonesia, Vietnam and Thailand, and have proved their worth. A highly successful programme, which addresses rising concerns about the effect of disease on the sustainability of shrimp farming in India, is now in its seventh year. In this paper, the authors present a brief insight into the details of the programme, its outcomes and impact, the lessons learned and the way forward.
Introduction
There are numerous threats to the sustainability of the aquaculture industry, and disease is one of the most serious. Aquatic animal diseases have caused considerable damage to aquaculture and threatened the sustainability of the sector in many parts of the world. Some of the important diseases include: The risks associated with the international trade in live aquatic animals and their products in the global spread of aquatic animal pathogens are well documented (1, 2, 14) .
The socio-economic cost of aquatic animal disease is phenomenal. For example, in Asia, first yellowhead virus (from 1992 onwards) and later white spot syndrome virus (WSSV) (from 1993 onwards) caused direct and continuing losses of approximately US$ 1 billion a year to the native cultured shrimp industry (3) . Aquatic animal disease prevention and control are a shared responsibility, and stakeholders at all levels (that is, farm, province, national and international) must be aware of their obligations, and be able to respond to disease emergencies and contribute to comprehensive aquatic animal health management programmes. Developing and implementing farm-level plans and management measures to respond to disease is not straightforward. A good understanding of biosecurity and disease causation is necessary. Such plans and measures should embrace the concept of aquatic animal health management in its entirety, while focusing attention on three crucial points:
− preventing the entry of pathogens into production systems (e.g. farms and hatcheries) − preventing the proliferation of pathogens in the production system which could lead to an outbreak (e.g. avoiding conditions on the farm which could promote or facilitate disease) − preventing the spread of pathogens, should an outbreak occur.
Biosecurity is a set of standard scientific measures to exclude pathogens from the production environment and host and, more broadly, to limit the establishment and spread of pathogens. The principles of biosecurity should be adopted to keep harmful pathogens not only out of the farm but also out of the country and the region, particularly where there are shared bodies of water. Once harmful pathogens enter and become established (endemic), it is practically impossible to keep them out of the farm, especially in open farming systems, such as cages.
Some concepts vital for ensuring biosecurity are:
-identifying pathogen entry routes -quarantine and screening of potential hosts introduced onto the farm − disinfection at defined critical control points − identifying risk factors for disease outbreaks.
At the farm level, every producer would like to implement a biosecurity plan. However, the extent to which the principles of biosecurity can be applied depends greatly on the type of farming system used (e.g. open, closed, partially closed). Applying biosecurity principles in smallscale, extensive, open farming systems is difficult, but open farming systems with little, if any, control over pathogens or carriers entering the pond (or other body of water) still comprise much of the aquaculture in Asia.
According to epidemiological theory, a disease will occur only when there is a sufficient cause. One component of the sufficient cause is the presence of the pathogen, which is necessary for the disease to occur (necessary cause). This is particularly the case in infectious diseases. Unless the necessary cause is solely sufficient to cause the disease, the presence of the pathogen alone will not make the animal sick and cause an outbreak. Several component causes (also called risk factors), in addition to the necessary cause, are essential for the disease to occur (22) .
Using epidemiological approaches, it is possible to identify pond or farm-level risk factors for disease outbreaks. Intervention strategies can then be developed to minimise or eliminate such risk factors and reduce the risk of disease. In a broad sense, better management practices (BMPs) provide measures to manage disease at the farm level. Epidemiological approaches for identifying pond or farm-level risk factors for disease outbreaks (e.g. WSD in shrimp) are becoming more popular in the development of aquatic animal disease prevention and management strategies (9, 10, 18) .
Applying biosecurity and disease causation principles when developing farm-level plans Such carriers could enter the aquaculture system through water-borne, air-borne and/or overland transport routes. Several generic approaches are available to prevent the entry of pathogens and their carriers into the pond and/or the farm (5). Implementing strict biosecurity measures at the farm level can be very expensive and may not be feasible in open farming systems. Identifying and weighing the relative risks associated with different pathogen carriers and entry routes through epidemiological studies would help to target resources at the major risks, so that biosecurity measures become more cost-effective. Biosecurity measures will be adopted on the farm only if they are shown to prevent the occurrence of the disease effectively and at a cost the farmer can afford.
The mere presence of a pathogen (necessary cause) does not always lead to disease outbreaks at the farm level. Good husbandry practices and risk management measures can minimise the impact of an outbreak. Epidemiological approaches have been successfully used to identify farmlevel risk factors for some diseases, e.g. WSD. Farm-level plans and improved management practices to address identified risk factors have been successful in producing good yields, despite the presence of the necessary cause.
For example, successful production has been achieved in the presence of WSSV. In fact, in some farming systems at least, a majority of ponds harvest shrimp which test positive for the presence of antibodies against WSSV (12, 23) . Some possible reasons include: − a low viral load and low prevalence in PL − reduced contact ratio and transmission (due to such things as a lower stocking density) − improved environmental conditions leading to less stress for the shrimp (e.g. better water quality, high-quality feed, a clean pond bottom) − better surveillance and early diagnosis − informed decision-making.
These considerations seem to indicate that it is possible to prevent WSD outbreaks, despite the presence of the pathogen (9).
In the case of diseases for which antimicrobial treatment is not an option (e.g. viral diseases such as WSD), a quick response and damage control should be the primary postoutbreak goals. A quick response aids in the prevention of disease spread to other ponds in the farm, or to other farms in the region, or into the natural environment. Once the outbreak occurs, the farm becomes a source of the pathogen. Isolating the farm, covering the ponds, avoiding movements onto and off the farm, removing the affected hosts and disinfection programmes can all help to contain the spread of the pathogen.
Recent experience (11) shows that well-designed BMPs can help producers to: a) increase efficiency and productivity by reducing the risk of shrimp health problems b) reduce or mitigate the impact of farming on the environment c) improve food safety and the quality of the farmed shrimp product d) improve the social benefits from shrimp farming and its social acceptability and sustainability.
However, a lack of farm-level plans and lapses in biosecurity can be seen at every stage of the aquaculture operation in many countries, especially in the low-input, extensive shrimp farming systems which are common in Asia. These problems may include: Priority must be given to increasing farmer awareness of farm-level plans and biosecurity concepts and building their capacity to implement them. System-specific and cost-effective BMPs incorporating the basic principles of biosecurity must be developed, tested in pilot schemes, demonstrated to farmers and prove their worth.
As part of a regional initiative to control aquatic animal diseases, NACA oversees continuing projects in India, Indonesia, Vietnam and Thailand. These programmes are developing and validating effective extension approaches (e.g. the concept of cluster farming) to promote the widespread adoption of BMPs/farm-level plans that include the concepts of biosecurity on the farm, disease causation and health management.
A case study in India
Since the early 1990s, the Indian shrimp aquaculture sector has been hard hit by viral diseases. To address rising concerns about the effect of diseases on the sustainability of the sector, the Indian government Marine Products Export Development Authority (MPEDA), with the technical assistance of NACA, and the support of the Indian Council of Agricultural Research (ICAR) and the Australian Centre for International Agricultural Research (ACIAR), initiated a programme in 2000 on 'Shrimp disease control and coastal management'. The programme began implementation in 2001, with a large epidemiological study aimed at identifying the risk factors for key shrimp diseases. It also undertook to develop and disseminate BMPs to minimise risk factors for disease outbreaks on the farm and, more broadly, to address shrimp-farming sustainability. The programme, which is now in its seventh year, was implemented phase by phase. Its progress since 2000 is illustrated in Figure 1 .
Some of the key stages of the programme include:
-a baseline study of the major diseases affecting shrimp aquaculture (2000) -a longitudinal epidemiological study of 365 ponds in Andhra Pradesh, on the east coast of India, to identify major risk factors associated with WSD and low productivity in Penaeus monodon aquaculture ponds (2000 to 2001) -the development of farm-level BMPs, appropriate to the Indian context, to address the identified risk factors (2002) -pilot-testing of BMPs on selected farms (2002) -publishing a simple and practical shrimp-health management manual, based on the outcomes of the risk 
Risk factor study
Following a baseline survey of the major diseases that affect shrimp farming, and after some preliminary consultations with farming communities, a detailed longitudinal epidemiological study was conducted on shrimp disease problems during 2001. The study involved 365 ponds in the West Godavari and Nellore districts of Andhra Pradesh state. An epidemiological approach was taken to understand better the key risk factors that contribute to shrimp disease outbreaks and low pond production, with an emphasis on the economically serious WSD. The findings from this study have been published as a Shrimp Health Management Extension Manual (13) . Some of the key findings from this risk factor study are summarised in Table I . The outcomes of the study provided a better understanding of risk factors for WSD outbreaks, as well as for unusually low pond productivity.
Towards the end of 2001, the results were discussed widely with farmers and relevant agencies in Andhra Pradesh. Consensus was reached on the study findings and their practical application to improve the performance of shrimp-farming in this state. Significant risk factors associated with disease outbreaks and low pond productivity were then used to develop locally relevant management strategies (so-called 'better management practices' or BMPs) to reduce the identified risks.
The study was unusual because, up until this time, only a limited number of field studies had been conducted on this scale. Moreover, of these, only a few used an epidemiological approach. Among the studies that were conducted, the most extensive were:
-the longitudinal epidemiological investigation, conducted in Vietnam and India from 1998 to 2000, with -BMPs focusing on pond bottom and water preparation, PL selection, stocking and post-stocking were widely promoted;
-data collected on corresponding harvests from nondemonstration ponds (164 ponds in 20 villages) were used to compare results and assess the impact of the village-level trials;
-BMP adoption rates in demonstration ponds were much higher than those in the non-demonstration ponds of surrounding villages. For example, in demonstration ponds the adoption rates for some key BMPs, such as sludge removal, water filtration, polymerase chain reaction (PCR) testing, stocking with PL reared in on-farm nurseries, using feed-check trays for on-demand feeding, and emergency harvesting of disease-affected stocks were 99%, 89%, 98%, 83%, 88% and 100%, respectively.
Better management practices listed in the Shrimp Health Management Extension Manual (13) were promoted in all the ponds under study. Some of the key BMPs used were: a) preparation of pond bottoms and water management before stocking, i.e.:
-sludge removal and disposal away from the pond site The 2003 village pilot scheme showed that it is possible to reduce the risks of production losses from shrimp disease, and improve the productivity and profitability of shrimp farms, by:
-providing science-based information on BMPs − providing technical support that enables farmers to adapt BMPs to their own circumstances − promoting the concept of self-help groups (aquaclubs) to aid co-operation and communication among stakeholders, allowing them to address health management issues collectively.
Promoting better management practices at the cluster level and expanding the programme
Following the success of BMPs at the village level, the programme moved one step further and promoted the adoption of BMPs among clusters of farmers along a particular creek. In 2004, 130 farmers with 254 ponds were organised into seven aquaclubs (clusters) in Andhra Pradesh and BMPs were promoted to the cluster. A cluster is a group of inter-dependent shrimp ponds, situated in a specific geographic locality. Usually, all these ponds depend on the same water source. Cluster farming is collective planning, decision-making and carrying out these decisions by a group of farmers (in a 'cluster') who have chosen to take a participatory approach to accomplish a common goal (e.g. reduce risks and improve farming practices and profitability). The cluster concept also makes it easier to communicate risks and risk management more effectively to a larger group of farmers.
As a result of its success, and the acceptance of the concepts of BMPs and cluster farming, the programme was further expanded in 2005 to cover more clusters in Andhra Pradesh, and extended to limited areas of the Karnataka and Gujarat states on the west coast of India. In all, the adoption of BMPs was promoted in 19 aquaclubs, consisting of 736 farmers with 1,187 ponds. Details of the programme in Andhra Pradesh, along with harvest outcomes and lessons learned, are provided by Padiyar et al. (17) . The results, presented in Table II , clearly indicate that, when implemented collectively by organising farmers into an aquaclub, BMPs can significantly improve the shrimp harvest and reduce the impact of disease. 
Key approaches of the programme
To enhance BMP uptake and promote their adoption in different coastal states of India, brochures on ten key thematic areas were developed in English and translated into all five state languages. Each brochure describes the field procedures for its topic in 15 simple steps, in the local language, with the aid of pictures from the field. The brochures are distributed at weekly farmer meetings and regular pond visits. BMPs are also promoted through posters, articles in local newspapers and documentaries on local television channels. All ten BMP brochures can be downloaded from www.enaca.org/shrimp, and their subjects are as follows: To facilitate farmer involvement, ensure commitment and instil confidence, the study team stayed in the study villages for the entire shrimp-harvesting season, arriving at least one month before it started. At village meetings, farmers were introduced to the 'cluster farm management' concept, the formation of aquaclubs (groups of 20 to 30 farmers) and the importance of adopting BMPs. Key farmers from other villages, where the MPEDA/NACA study team had worked previously (between 2002 and 2004), were invited to these new villages to share their experiences. Wherever possible, field visits were arranged for farmers to other villages so they could talk to the farmers already using BMPs and see their ponds at first hand. Aquaclubs were able to prioritise and contextualise the BMPs according to their local needs. A contract hatchery seed procurement system (16) was introduced, in which meetings were arranged between farmers and hatchery operators to ensure a supply of good quality seed shrimp. Under this system, cluster farmers place bulk orders to a hatchery, 45 to 60 days in advance of the planned stocking date, for the required quantity and quality of PL. Through a consultative process, initially facilitated by the project team, a mutual agreement is made between selected hatcheries and aquaclubs. This arrangement includes agreements on BMPs to be used in the hatcheries and other terms and conditions for the production and procurement of quality PL. 
Impact of this regional initiative on aquaculture in India
The MPEDA/NACA programme has made significant progress, increasing from five farmers, who adopted the cluster farming approach in 2002, to 730 farmers (813 hectares) in 28 aquaclubs in five states (Andhra Pradesh, Karnataka, Orissa, Gujarat and Tamil Nadu) in 2006 (Fig. 1) . In addition, several farmers and farming villages in India implemented BMPs and the shrimp-farmcluster management approach without direct intervention from the project, which is an indirect positive impact of the programme. The production of BMP shrimp through the programme has increased from four tonnes in 2002 to 870 tonnes in 2006. The implementation of simple, science-based farm-level plans and management practices (e.g. BMPs) and adopting the cluster farming approach have significantly reduced disease risks on cluster farms. The prevalence of disease in the demonstration farms decreased from 82% in 2003 to 17% in 2006 in Andhra Pradesh; while, in non-demonstration ponds, the reduction in disease prevalence was much lower over the same period, as shown in Table III .
Another significant finding was that the efficient use of resources, such as feed, PL, fuel and finances, minimised production costs and improved farming profits, providing a strong incentive to join the programme.
Economic analysis clearly demonstrates that farmers adopting BMPs have higher profitability, lower production costs and are able to produce quality and traceable shrimp without using any banned chemicals. The concept of traceability was successfully pilot-tested in a few of the selected clusters. Preliminary findings clearly suggested that, through cluster farming and the aquaclub concept, it is possible to implement traceability schemes for smallscale farmers, to ensure market access. In the demonstration ponds in Andhra Pradesh, for every 1,000 Indian rupees (US$ 25) invested by a farmer, around 520 rupees (US$ 13) was earned as profit in 2006. This was a substantial increase, compared to the 250 rupee profit (US$ 6) made by non-demonstration farmers during the same period.
The programme also led to a reduction in other aquaculture-related risks. For example, environmental risks were reduced through the decrease in pollution, resulting from the reduced use of chemicals and antibiotics, and the limited discharge of sediments and water exchange. Food safety risks were substantially reduced by the reduction of chemical use in cluster BMP ponds. The social impacts included a reduction in risks to livelihoods and an improved awareness of biosecurity and the environment among cluster farmers. A summary of the impact of the programme is highlighted in Table IV .
Maintaining the process: the way forward
Better management practices on the farm and cluster farming are promising models for small-scale farmers to work together to reduce disease, food safety risks, environmental, financial and social risks, and earn their livelihood by helping the industry to meet customer demand, through adopting sustainable and environmentally friendly farming practices (4, 20) . However, to expand and maintain the process, an institutional framework is needed, as well as the commitment of resources from the national government and private sector.
Following on from the programme, MPEDA formulated a scheme for registered 'aquaculture societies' (legal entities that are very similar in structure and function to the informal aquaclubs) at the primary producer level, which would assist these producers to adopt BMPs. To support the initiative, MPEDA has set up a separate technical service agency, called the National Centre for Sustainable Aquaculture (NaCSA), under the administrative control of MPEDA. This new agency has been operating since April 2007 and will function as an outreach organisation of MPEDA, primarily to cater to the extension needs of aquaculture farmers. The primary objective of NaCSA is to support the development of sustainable aquaculture in India, by providing science-based extension and other services to the sector. Thus, NaCSA will continue to consolidate and expand the BMP implementation work initiated under the MPEDA-NACA programme through a network of aquaculture societies across the country. At present, NaCSA is working with 70 aquaculture societies and is expected to promote BMPs in 200 societies within the next year. The following steps are being taken by NaCSA to continue the process of BMP adoption and cluster farming:
-promoting BMPs to reduce disease risk and improve aquaculture productivity and profits -building capacity and empowering primary producers -facilitating improved service provision to the aquaculture sector -connecting farmers to markets to realise better prices -ensuring food security and sustainable livelihoods.
Conclusion
Although BMPs are often simple farm-level management practices to prepare for and respond to disease, their systematic adoption by farming communities to manage shrimp health problems, and to achieve widespread sustainable shrimp production, has a relatively recent history. The MPEDA/NACA programme has the distinction of being the first programme in this direction in the region. Since then, this approach towards sustainability has been adopted by several countries, and it is expected to spread to many other countries in the Asian region. During the period between 2002 and 2006, BMPs were massively promoted through demonstrations/pilot schemes. The concept of cluster farming was developed for shrimp farming through the development of farmer self-help groups, known as aquaclubs. Efforts were made to link the aquaclubs with their suppliers, such as shrimp hatcheries and feed manufacturers. The concept of producing good quality PL under contract agreements (the contract hatchery system) with aquaclubs was also introduced. A massive awareness campaign was conducted to promote BMPs through articles in local newspapers, documentaries on local television channels, posters, leaflets and farmer meetings. Finally, to maintain the process of cluster farming and BMP adoption, an institutional framework, in the form of NaCSA, has been established.
Effectively engaging with the millions of aquaculture producers in Asia and the Pacific region, and helping them to develop farm-level plans to deal with aquatic animal disease, is not a small task, and it is one that can only be achieved through the involvement and contribution of all the participants in the supply chain, from producers to consumers. The Indian example should serve as a model for developing and implementing farm-level plans that support sustainable aquaculture development and, at the same time, contribute to effective health management. 
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